Polyphenol fractions from twenty-three honey samples of various floral origins were extracted with an Amberlite XAD-2 column, and total polyphenol content and antioxidant properties were determined. The Folin-Ciocalteu method was used to determine total polyphenol content, and antioxidant activity was evaluated using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay. Total polyphenol content per 100 g of honey ranged from 17.5 mg (Japanese prickly-ash) to 132.8 mg (peppermint). Peppermint honey had the highest flavonoid content (48.3 mg/100 g) and exhibited the highest antioxidant activity of all samples. A positive linear correlation was observed between honey color and DPPH radical scavenging activity. p-Coumaric acid and kaempferol were isolated and identified as antioxidants from peppermint honey. Additionally, quantification of these compounds in other honey samples was carried out. Peppermint honey contained a large amount of p-coumaric acid (705 μg/100 g) and kaempferol (471 μg/100 g). The potent antioxidant activity of peppermint honey is attributable to the quantities of these compounds, especially kaempferol.
Introduction
Honey is produced by bees from sugars present in the nectar of various plants. The composition of honey is variable and depends primarily on the floral source. However, certain external factors also play a role, such as seasonal and environmental factors, as well as processing conditions. In addition to carbohydrates, which are the major component (70 − 80%), low amounts of organic acids, proteins, amino acids, vitamins, enzymes, minerals, and various other molecules (pigments, flavonoids, antibacterial factors) are found in honey (Bogdanov et al., 2008) .
Honey is valued as a flavorful sweetener throughout the world, and is also considered part of traditional folk medicine (Blasa et al., 2007; Nasuti et al., 2006; Viuda-Martos et al., 2008) . Additionally, honey is a rich source of polyphenols (Gómez-Caravaca et al., 2006; Inoue et al., 2005) . Polyphenols, such as flavonoids and aromatic acids, are widely distributed in foods of plant origin and are regarded as having antioxidant activity. Foods containing phenolic compounds have been used not only as nourishment but also in the prevention of cancer, cardiovascular diseases and diabetes. Oxidative stress is thought to contribute to the development of such chronic diseases, and is defined by the imbalance between free radical production and the antioxidant defense system (Es-Safi et al., 2007; Kundu and Surh, 2008; Singh et al., 2008) . Many studies have focused on the beneficial effects of natural antioxidant compounds. Moreover, studies on the antioxidant activity of honey have been reported (Baltrušaitytė et al., 2007; Estevinho et al., 2008; Pichichero et al., 2008; Socha et al., 2009) . Gheldof and Engeseth (2002) reported a strong correlation between the antioxidant activity of honey and total phenolic content. Tomás-Barberán et al. (2001) demonstrated that European honeys have a rich pheExtraction of polyphenol fraction Solid phase extraction of the polyphenol fraction was carried out according to a method previously reported (Baltrušaitytė et al., 2007; Yao et al., 2003) . Briefly, honey samples (50 g) were thoroughly mixed with 250 mL of distilled water, using a magnetic stirrer, until completely suspended, and adjusted to pH 2 with concentrated HCl. The samples were then filtered through cotton wool to remove solid particles. Next, the filtrate was passed through a column (5 × 45 cm) of Amberlite XAD-2 (pore size 9 nm, particle size 0.3 − 1.2 mm) preconditioned with methanol and distilled water. Phenolic compounds were retained on the column, while sugars and other polar compounds were eluted with the aqueous solvent (Tomás-Barberán et al., 2001) . The column was washed with acidified water (pH 2 with HCl, 100 mL) and then distilled water (300 mL). The entire phenolic fraction was then eluted with methanol (300 mL) and dried under reduced pressure in a rotary evaporator. The dried extracts were refrigerated at 4 ± 2℃ until further analysis.
Color intensity (Pfund) Honey was diluted to 50% (w/ v) with warm water (45 − 50℃), sonicated for 5 min and filtered (0.45 μm pore size) to eliminate large particles. Honey color was determined by spectrophotometric measurement using a C221 Honey Color Analyzer (Hanna instruments, Smithfield, RI, USA). The net absorbance was defined as the nolic profile, consisting of benzoic and cinnamic acids and their esters, as well as flavonoid aglycones. However, little information is available on the phenolic profile of honeys from different floral sources common to Japan.
Although a number of comparative studies have evaluated antioxidant activities in honeys of differing botanical origins, few reports have isolated and identified the antioxidant(s) involved. In this study, the antioxidant activity of commercial honeys in Japan was evaluated. Furthermore, we isolated and identified antioxidants from peppermint honey, which exhibited high antioxidant activity.
Materials and Methods
Chemicals Aluminum chloride, butylated hydroxytoluene (BHT), Folin-Ciocalteu reagent and quercetin were purchased from Kanto Chemicals (Tokyo, Japan). 2,2-Diphenyl-1-picrylhydrazyl (DPPH), gallic acid and α-tocopherol (VE) were purchased from Wako Pure Chemical Industries (Osaka, Japan).
Honey samples Twenty-three honey samples of varying floral origin were used in this study. Honey samples were provided by Yamada Apiculture Center (Okayama, Japan) or purchased at local stores (Table 1 ). All honey samples were stored at ambient temperature (25 ± 2℃) in the dark until used. give 90 fractions. The fractions (3 mL) were evaluated for DPPH radical scavenging activity. Fractions 30 − 39 and 70 − 86 exhibited activity and were combined, respectively, and subjected to reversed phase HPLC using a 10 × 250 mm Capcell Pak C18 UG 120 column (Shiseido, Tokyo, Japan) to isolate active compounds. Compounds a (0.6 mg) and b (2.9 mg) were obtained from fractions 30 − 39 with 15% MeCN (0.1% trifluoroacetic acid (TFA)) elution and from fractions 70 − 86 with 35% MeCN (0.1% TFA) elution, respectively. Compounds a and b were identified by analyzing MS and NMR spectra. ESI mass spectra analyses were performed using a ThermoFisher Scientific LCQ spectrometer. 1 H-NMR spectra were measured using a Jeol JNM-α400 (400 MHz) with tetramethylsilane (TMS) as an internal standard.
Sample preparation for quantification analysis Extraction using a C18 cartridge (Waters, Milford, MA, USA) was used for quantification of compounds a and b in honey samples. One gram of each honey sample was dissolved in 5 mL of distilled water. The sample solution was transferred to a C18 cartridge preconditioned with 5 mL of methanol and 5 mL of distilled water. The column was washed with 5 mL of water, followed by elution with 5 mL of methanol. The solutions were evaporated to dryness under a stream of nitrogen.
Quantification analysis by HPLC Quantification analysis was performed using a Jasco HPLC system equipped with a photo-diode array (PDA) detector and an ODS column (Shiseido Capcell Pak C18 UG120, 4.6 × 250 mm). The mobile phase consisted of H 2 O (0.1% TFA) as eluent A and MeCN (0.1% TFA) as eluent B. The injection volume of all samples was 10 μL. The elution was carried out at a flow rate of 1.0 mL/min and under the following gradient program: 90% A (0 − 10 min), 90 − 70% A (10 − 25 min), 70% A (25 − 40 min) and 70 − 0% A (40 − 60 min). UV absorbance was monitored at 280 nm and identification was carried out by comparing analyte retention times with those of reference compounds. The limits of detection (LOD) and quantification (LOQ) were determined at a signal-to-noise (S/N) ratio of 3 and 10, respectively. They were performed using a serially diluted reference solution of each compound. Reproducibility of the determinations was confirmed by analyzing five technical replicates of standard solution. Precision was expressed by relative standard deviation (RSD). Reproducibility was evaluated based on results obtained at different times by different analysts in the same laboratory. A recovery test was performed using the standard addition method.
Results and Discussion
Color intensity, total polyphenol and flavonoid contents in honey The honey samples used in this study are listed in Table 1 . The color of the honey samples was evaluated by vidifference between spectrophotometric absorbance at 450 and 720 nm. The results are expressed in the Pfund scale (mm/Pfund scale) (Piljac-Žegarac et al., 2009) .
Total polyphenol content Total polyphenol content in honey extracts was determined using the Folin-Ciocalteu colorimetric method (Kumazawa et al., 2007; Singleton et al., 1999) . Aliquots (15 μL, 20 μg/mL of methanol) of the honey phenolic extracts, with sugars removed, were mixed with 485 μL of methanol, 500 μL of the Folin-Ciocalteu reagent (methanol solution) and 500 μL of 10% Na 2 CO 3 . The samples were incubated for 1 h at room temperature and absorbance was measured at 760 nm using a Hitachi U-2000 spectrophotometer (Tokyo, Japan). Measurements were compared to a calibration curve of gallic acid solutions and total polyphenol content was expressed as gallic acid equivalents (mg/g of extract).
Flavonoid content Flavonoid content in honey samples was determined by reaction with AlCl 3 , using the method described by Zhishen et al. (1999) . Aliquots (10 μL, 20 μg/ mL of methanol) of the honey phenolic extracts were mixed with 490 μL of methanol and 500 μL of 2% AlCl 3 methanol solution. After 1 h at room temperature, absorbance was measured at 420 nm using a spectrophotometer. Total flavonoid content was calculated as quercetin equivalents (mg/g of extract) from a calibration curve.
DPPH radical scavenging activity DPPH radical scavenging capacity of honey samples was evaluated according to the method of Chen and Ho (1995) with some modifications. Aliquots (75 μL, 20 μg/mL of methanol) of the honey phenolic extracts were mixed with 1175 μL of methanol and 250 μL of 0.5 mM DPPH methanol solution. After 1 h incubation at room temperature, absorbance was read at 517 nm using a spectrophotometer. Results are expressed as percentage decrease with respect to control values. BHT and VE (both at 20 µg/mL) were used as reference samples.
Purification and identification of antioxidant compounds from peppermint honey Extraction of peppermint honey was performed according to the method described above. Peppermint honey (500 g) was mixed with 2.5 L of distilled water and adjusted to pH 2 with concentrated HCl. The liquid sample was then filtered through cotton wool to remove solid particles. The filtrate was then passed through a column (5 × 45 cm) of Amberlite XAD-2 (pore size 9 nm, particle size 0.3 − 1.2 mm). The column was washed with acidified water (pH 2 with HCl, 1 L) and then distilled water (3 L). The phenolic fraction was eluted with methanol (3 L). The methanol extract was dried under reduced pressure in a rotary evaporator. The yield of the dried residue was 1.1 g. The extract was fractionated using Sephadex LH-20 column chromatography (2.4 × 40 cm) and eluted with methanol to DPPH radical scavenging activity The antioxidant activity of honey samples was evaluated using the DPPH radical scavenging assay, and results are shown in Table 2 . The highest DPPH radical scavenging activity was observed for peppermint honey (17, 51.9%), while horse chestnut (11, 4.7%) and mandarin orange (14, 5.2%) honeys exhibited the lowest activity, respectively. DPPH radical scavenging activity of other honey samples ranged from 11 to 31%.
The relationship between color parameters and antioxidant activity has been reported in various honeys (Beretta et al., 2005; Bertoncelj et al., 2007; Piljac-Žegarac et al., 2009 ). Our present results also showed that a positive linear correlation was observed between color (Pfund) and DPPH radical scavenging activity (r = 0.757). Specifically, light colored honey samples displayed the lowest DPPH radical scavenging activity, while dark colored honey samples were observed to have the greatest activity (Tables 1 and 2 ). Pichichero et al. (2008) reported the correlation between antioxidant activity and both total phenolic and flavonoid contents. In the present study, peppermint honey, which contained sual observation, and ranged from practically transparent (e.g. acacia) to dark brown (e.g. buckwheat). The absorbance of a 50% (w/v) honey solution (Pfund) varied from 19 mm/Pfund scale in clover honey to 150 mm/Pfund scale in buckwheat, coffee, peppermint and safflower honey samples. Honey color is a reliable index of the presence of pigments with antioxidant activity, such as carotenoids and certain flavonoids (Antony et al., 2000) . Thus, honeys with high color intensity are expected to exhibit high antioxidant activity.
Total polyphenol and flavonoid contents of honey samples are shown in Table 2 . The total polyphenol contents per 100 g of honey ranged from 17.5 mg (Japanese pricklyash) to 132.8 mg (peppermint). Peppermint honey exhibited the highest total polyphenol content and highest flavonoid content (48.3 mg/100 g) of all samples. Beretta et al. (2005) reported that strawberry tree honey had a high polyphenol content (789.57 mg/kg). As we were unable to obtain strawberry tree honey for this study, a comparison could not be made. However, peppermint honey exhibited a high polyphenol content. Table 2 . Total polyphenol, flavonoid contents, and DPPH radical acavenging activity of honey samples.
Sample
Total polyphenol (mg/100 g) Flavonoids (mg/100 g) DPPH radical scavenging activity (%) 1 41.1 ± 1.5 15.1 ± 0.0 18.4 ± 2.4 2 53.9 ± 3.0 19.1 ± 1.7 26.9 ± 2.1 3 76.1 ± 5.9 21.1 ± 1.7 31.4 ± 2.3 4 75.6 ± 3.9 20.1 ± 0.5 26.9 ± 1.7 5 51.1 ± 3.7 14.1 ± 0.5 23.1 ± 2.0 6 54.8 ± 3.6 15.1 ± 0.8 21.9 ± 2.7 7 35.0 ± 1.3 16.1 ± 2.9 11.2 ± 2.3 8 36.4 ± 3.1 18.1 ± 0.0 18.0 ± 2.1 9 61.9 ± 1.4 20.1 ± 1.0 18.6 ± 2.3 10 51.1 ± 2.0 19.1 ± 1.0 24.2 ± 2.1 11 38.3 ± 2.1 10.1 ± 0.0 4.7 ± 2.3 12 17.5 ± 1.6 13.1 ± 1.3 14.9 ± 2.4 13 89.8 ± 5.6 9.1 ± 0.8 13.6 ± 1.5 14 27.0 ± 2.1 11.1 ± 0.5 5.2 ± 0.8 15 82.7 ± 2.4 23.2 ± 0.5 30.0 ± 2.1 16 78.5 ± 2.4 24.2 ± 0.5 19.3 ± 1.2 17 132.8 ± 2.1 48.3 ± 4.0 51.9 ± 2.0 18 62.4 ± 3.2 15.1 ± 0.5 21.6 ± 2.7 19 47.8 ± 0.6 23.2 ± 2.2 26.1 ± 2.0 20 54.8 ± 3.4 27.2 ± 3.5 29.9 ± 0.6 21 61.9 ± 1.6 26.2 ± 1.0 24.1 ± 1.2 22 70.9 ± 1.6 18.1 ± 0.9 19.0 ± 1.7 23 86.0 ± 3.4 33.2 ± 1.3 28.3 ± 1.5 BHT --57.3 ± 3.3 VE --96.5 ± 0.1
Total polyphenol contents were determined by the Folin-Ciocalteu method. Flavonoid contents were determined by AlCl 3 coloration. Each value is the mean ± standard deviation (n = 3).
permint honey. Next, p-coumaric acid and kaempferol were quantified in other honeys. Buckwheat (3) and manuka (15) honeys, which also exhibited high antioxidant activity (Table  2) , as well as acacia (1), Chinese milk vetch (7), and clover (8) honeys, which are popular in Japan, were also analyzed. The sugars in each honey sample were removed by C18 cartridge, and the contents of p-coumaric acid and kaempferol were determined by HPLC analysis. A calibration curve for each compound was constructed and tested for linearity. Good linearity was observed for the compounds between peak areas and concentrations over the test range (r 2 > 0.998).
The LOD values for p-coumaric acid and kaempferol were 0.03 and 0.1 μg/mL, respectively. Similarly, the LOQ values for p-coumaric acid and kaempferol were 0.1 and 0.3 μg/mL, respectively. The results for precision and reproducibility were good. The percentage recovery values were found to be approximately 86% by the recovery test. Table 3 shows the contents of p-coumaric acid and kaempferol in honey samples. p-Coumaric acid and kaempferol were not detected in acacia (1) or manuka (15) honeys. Buckwheat honey (3) contained the largest amount of pcoumaric acid, whereas it did not contain kaempferol. Peppermint honey (17) contained a large amount of p-coumaric acid and kaempferol. Differences in the antioxidant activity of various honeys are attributable to the quantities of compounds with antioxidant activity. Tomás-Barberán et al. (2001) analyzed the flavonoid content in various honeys, and reported that rapeseed honey contained the largest amount of kaempferol (501.4 μg/100 g). In comparison, peppermint honey (17) contained 471 μg/100 g kaempferol in the present study (Table 3) . Thus, we showed that the content of kaempferol in peppermint honey is comparable with rapeseed honey. Socha et al. (2009) studied herb honeys and reported that the dominant phenolic acid in herb honey is p-coumaric acid. The results showed that the content of p-coumaric acid in most herb honeys, except raspberry (3676.7 μg/100 g) and thyme (1141.9 μg/100 g), was 119.6 − 794.6 μg/100 g. The the highest total polyphenol and flavonoid contents, showed the highest DPPH radical scavenging activity. Our results confirm the data reported by other researchers (Buratti et al., 2007; Pichichero et al., 2008) .
Identification of antioxidants from peppermint honey Total polyphenol and flavonoid contents, and DPPH radical scavenging activity of 23 different honey samples were investigated (Table 2) . Peppermint honey (17) had the highest total polyphenol and flavonoid contents of all honey samples, as well as the highest DPPH radical scavenging activity. Thus, antioxidant compounds in peppermint honey were isolated and identified. First, the sugars present in peppermint honey were removed using an Amberlite XAD-2 column to give the phenolic fraction. Then, the phenolic fraction was fractionated using a Sephadex LH-20 column. Each fraction was evaluated by DPPH radical scavenging assay, and two compounds (a and b) were isolated as antioxidants using preparative HPLC.
ESI-MS analysis determined the molecular weight of compound a to be 164. Further, based on 1 H-NMR analysis, a was identified as p-coumaric acid. By similar spectroscopic analyses, b was identified as kaempferol (Fig. 1) . p-Coumaric acid and kaempferol have previously been detected in some honeys (Baltrušaitytė et al., 2007; Tomás-Barberán et al., 2001; Socha et al., 2009) . We previously reported the potent antioxidant activity of kaempferol, whereas p-coumaric acid showed weak antioxidant activity (Kumazawa et al., 2004) . Thus, these two compounds, especially kaempferol, are expected to contribute to the high antioxidant activity of peppermint honey. Although peppermint honey showed a high Pfund value (Table 1) , the two antioxidant compounds (p-coumaric acid and kaempferol) isolated from peppermint honey did not contribute to the dark color of the honey, as p-coumaric acid is colorless and kaempferol is yellow. However, the relationship between color parameters and antioxidant activity has been reported in various honeys, as described above. Therefore, dark colored compound(s) with antioxidant activity might exist in peppermint honey.
Quantification analysis of antioxidants in honey As described above, two antioxidant compounds, p-coumaric acid and kaempferol, were isolated and identified from pepAntioxidant Activity of Various Honeys Each value is the mean ± standard deviation (n = 3). ND: not detected. content of p-coumaric acid in peppermint honey was 705 μg/100 g in the present study. Thus, compared with previously reported values, the content of p-coumaric acid in peppermint honey can be characterized as high.
In this study, the antioxidant activity of various commercial honeys was investigated. Peppermint honey showed the highest antioxidant activity, and two antioxidants, pcoumaric acid and kaempferol, were isolated and identified. Additionally, the presence of these compounds was quantitatively determined in other honey samples. The potent antioxidant activity of peppermint honey is attributable to the quantities of these compounds, especially kaempferol. To our knowledge, this is the first report of the antioxidant activity of peppermint honey. Thus, further biological studies of peppermint honey are anticipated.
All honeys used in the present study were from commercial sources. Alterations in the physicochemical parameters of honeys can occur due to climatic variations and soil conditions, even when of identical botanical origin. Thus, to obtain additional detailed characterization of honey diversity, studies with detailed geographic information and history are required for complete statistical analysis.
